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*HQHUDOL]LQJ WKH SURFHGXUHV RI *LULIDOFR DQG RI 9HUKHLMHQ HW DO DQG XVLQJ UHVXOWV RI WKH
SUHFHGLQJ ZRUN LW KDV EHHQ GHULYHG WKH LQWHUDFWLRQ SRWHQWLDO EHWZHHQ WKH PROHFXOHV RI GLIIHUHQW
IXOOHUHQHV&Q DQG&P DW RULHQWDWLRQDOO\ GLVRUGHUHG KLJKWHPSHUDWXUH VROLG DQG JDVHRXV SKDVHV:H
KDYH FDOFXODWHG WKH FRHIILFLHQWV IRU LQWHUDFWLRQV RI WKH & PROHFXOH ZLWK WKH PROHFXOHV RI KLJKHU
IXOOHUHQHVIURP&WR&DQGZLWKWKHVPDOOHURQH& 7KHGHSHQGHQFHRIWKHPLQLPXPSRLQWUR DQG
RI WKHGHSWKRI WKHSRWHQWLDOZHOOH RQWKHQXPEHUVRIWKHDWRPV LQ WKHPROHFXOHVP DQGQ KDVEHHQ
LQYHVWLJDWHG
.H\:RUGV ,QWHUDFWLRQV 6PDOOHU DQG KLJKHU IXOOHUHQHV0L[WXUHV2ULHQWDWLRQDOO\ GLVRUGHUHG
SKDVHV
7KH WKHRUHWLFDO VWXGLHV RI WKHUPRG\QDPLF SURSHUWLHV RI RULHQWDWLRQDOO\ GLVRUGHUHG SKDVHV RI
IXOOHUHQHV WUDFH EDFN WR WKH ZRUN RI *LULIDOFR >@ &RQVLGHULQJ WKDW WKH & PROHFXOH KDYH QHDU
VSKHULFDOVKDSHZLWKWKHUDGLXVD  Â±FPKHREWDLQHGWKHSDLUZLVHLQWHUPROHFXODUSRWHQWLDO
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ZKHUH V U D   U LVWKHGLVWDQFHEHWZHHQWKHFHQWHUVRIWKHPROHFXOHV
      D%QD$Q   ED 
x &RUUHVSRQGHQFH'HSDUWPHQWRI7KHRUHWLFDO3K\VLFV3WRSOHV¶)ULHQGVKLS8QLYHUVLW\0RVFRZ5XVVLD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*RLkQLD*2%UD]LO(PDLO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Q   DUH WKH QXPEHU RI DWRPV LQ WKH & PROHFXOH 7KH SDUDPHWHUV DQG ZHUH ILWWHG WR
H[SHULPHQWDOGDWDIRUWKHODWWLFHFRQVWDQWDQGKHDWRIVXEOLPDWLRQ
$  u ±HUJFP %  u ±HUJFP 
7KH&PROHFXOHKDVDIRUPVLPLODUWRDQREORQJXQLD[LDOHOOLSVRLGZLWKVHPLD[HVD D 
±FPDQGD ±FP1RWLFLQJWKDWWKHLWFDQEHVHSDUDWHGLQILYHJURXSVRIRU
DWRPV HDFKRQH O\LQJ LQ D VSKHULFDO VKHOO RI D FHUWDLQ UDGLXV5L d L d  DQG JHQHUDOL]LQJ WKH
SURFHGXUHRI*LULIDOFR>@9HUKHLMHQHWDO >@KDYHREWDLQHGWKHSDLUZLVHSRWHQWLDOIRURULHQWDWLRQDOO\
GLVRUGHUHGSKDVHVRIWKLVIXOOHUHQH,WFRQVLVWVRIDVXPRI*LULIDOFRW\SHWHUPV
.QLD]HWDO>@DQG$EUDPRDQG&DFFDPR>@DSSOLHGWKH*LULIDOFRSRWHQWLDOIRUWKHRULHQWDWLRQDOO\
GLVRUGHUHGPRGLILFDWLRQRI& 7KHUDGLXVRIWKHDSSUR[LPDWLQJVSKHUHDZDVGHWHUPLQHGE\ILWWLQJ
WKHFDOFXODWHGODWWLFHFRQVWDQWWRLWVH[SHULPHQWDOYDOXH(DUO\WKHLGHDRIDVSKHULFDODSSUR[LPDWLRQ
IRUVRPHKLJKHUIXOOHUHQHVZLWKUDGLXVUHODWHGWRWKHQXPEHURIDWRPVLQWKHPROHFXOHZDVXVHGE\
6DLWRHW DO>@DQGE\0ROFKDQRYHWDO>@EXWUHJDUGOHVVWRWKHSRWHQWLDOV
$ PHWKRGZDVSURSRVHG IRU WKH FDOFXODWLRQRI WKH FRHIILFLHQWVD DQGE RI WKH SRWHQWLDO RI
*LULIDOFREDVLQJRQWKHVSKHULFDODSSUR[LPDWLRQRIWKHIRUPRIWKHPROHFXOHVVWDUWLQJIURPWKHLU
PDJQLWXGHV IRU WKH & >@ LH ZLWKRXW DGGLWLRQDO ILWWLQJ SDUDPHWHUV 7KH HIIHFWLYH UDGLXV RI WKH
PROHFXOHRIDUELWUDU\IXOOHUHQHLVUHODWHGWRWKDWRIWKH&E\
 QDDQ   
8VLQJ WKLV IRUPXOD WRJHWKHUZLWK  LW KDYHEHHQFDOFXODWHG WKH FRHIILFLHQWV IRU D VPDOOHU
DQGKLJKHUIXOOHUHQHVIURPWKH&WRWKH& ,WLVLQWHUHVWLQJWKDWWKHFRHIILFLHQWVD DQGE GHFUHDVH
ZLWKLQFUHDVLQJQXPEHURIDWRPVLQWKHPROHFXOH>@DOWKRXJKWKHPLQLPXPSRLQWRIWKHSRWHQWLDODQG
WKH GHSWK RI LWV ZHOO RI FRXUVH LQFUHDVH 7KH\ KDYH EHHQ XWLOL]HG LQ WKH LQYHVWLJDWLRQV RI
FRUUHVSRQGLQJ IXOOHULWHV LQFOXGLQJ WKHLU HTXLOLEULXP ZLWK WKH JDVHRXV SKDVHV> ± @ 5HFHQWO\
)HUQDQGHV HW DO >@ KDYH XVHG WKH *LULIDOFR SRWHQWLDO  ZLWK RXU SDUDPHWHUV>@ LQ FRPSXWHU
VLPXODWLRQVIRU& &DQG&IXOOHULWHV
*UHDWLQWHUHVWKDVEHHQGLVSOD\HGDOVRLQLQYHVWLJDWLRQVRIPL[WXUHVRIWKHIXOOHULWHV>@)RU
WKH WKHRUHWLFDO VWXG\ RI WKHLU WKHUPRG\QDPLF SURSHUWLHV LW LV QHFHVVDU\ D NQRZOHGJH RI WKH
LQWHUPROHFXODU IRUFHV EHWZHHQ WKH PROHFXOHV RI GLIIHUHQW IXOOHUHQHV 6LPLODUO\ WR *LULIDOFR>@ DQG
9HUKHLMHQHW DO>@DYHUDJLQJWKHDWRPDWRPLQWHUDFWLRQVRIWZRPROHFXOHV&P DQG&Q RIHIIHFWLYH
UDGLLDP DQGDQ RYHUDOOWKHLURULHQWDWLRQVZHREWDLQWKHLQWHUPROHFXODUSRWHQWLDO
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+HUH   QPPQPQ DD''UV   DP DQGDQ DUHWKHLUHIIHFWLYHUDGLL    QPQP DDDD  G  DQGWKH
FRHIILFLHQWVD DQGE DUHGHILQHGE\WKHIRUPXODH
     QPQPQPQP DDDD PQ%DDDD PQ$   ED 
2QHFDQUHDGLO\VHHWKDWZKHQP  Q WKHSRWHQWLDOWUDQVIRUPVWRWKH*LULIDOFRSRWHQWLDOIRU
WKHWZR&Q IXOOHUHQHPROHFXOHV>@
:H KDYH FDOFXODWHG WKH FRHIILFLHQWV  IRU LQWHUDFWLRQV RI WKH & PROHFXOH ZLWK WKH
PROHFXOHVRIVRPHKLJKHUIXOOHUHQHVIURP&WR&DQGZLWKWKHVPDOOHURQH& 7KHSDUDPHWHUV
RI WKLVSRWHQWLDODUHJLYHQLQ7DEOHWRJHWKHUZLWKUHILQHGSDUDPHWHUVRIWKH*LULIDOFRSRWHQWLDODQG
VRPHSRWHQWLDOFXUYHVDUHVKRZQLQ)LJVDQG
,W LV DSSDUHQW WKDW WKH GLDPHWHU RI WKH KDUG FRUH RI WKH SRWHQWLDO 'PQ LV GHILQHG DV WKH
DULWKPHWLFPHDQEHWZHHQWKRVHRI&P± &P DQG&Q± &Q LVXVHGIRUWKHFDOFXODWLRQVRIWKHFRHIILFLHQWV
D DQGE )RUPXODHIRUWKHGLVWDQFHU ZKHUH)PQU  IRUWKHPLQLPXPSRLQWV DQGIRUWKH
GHSWKRIWKHSRWHQWLDOZHOOH DUHQRWDYDLODEOH,WFDQEHVHHQIURP7DEOHWKDWWKHU DQGV FRLQFLGH
ZLWK WKHFRUUHVSRQGLQJDULWKPHWLFPHDQVZLWKLQKXQGUHGWKVRISHUFHQWZKLOHH ZLWK WKHJHRPHWULF
PHDQ QQPPPQ HHH  ZLWKLQWHQWKVRISHUFHQW
7DEOH,&KDUDFWHULVWLFVRIWKHSRWHQWLDOVDQGIRUGLIIHUHQWIXOOHUHQHV
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D *LULIDOFR>@
E7KHZRUN>@
 F7KHSUHVHQWZRUN
7KH SRWHQWLDO  ZLWK SDUDPHWHUV OLVWHG LQ 7DEOH  FDQ EH XWLOL]HG LQ FRPSXWDWLRQV RI
WKHUPRG\QDPLFSURSHUWLHVIRUWKH&IXOOHULWHPL[HGZLWKKLJKHUDQGVPDOOHURQHV2QHFDQXVHDOVR
WKHIRUPXODHDQGWRFDOFXODWHWKHSDUDPHWHUVRIWKHSRWHQWLDOEHWZHHQRWKHUSDLUVRIGLIIHUHQW
IXOOHUHQHPROHFXOHV
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